Abstract. A few of amorphous wires of compositions Fe 73.5-x Cr x Cu 1 Nb 3 Si 13.5 B 9 (x = 0, 3 and 7) were submitted to current-annealing under the application of tensile stresses (σ = 0 -228 MPa). The measurement of longitudinal hysteresis loops, ) (H M , was performed on the samples, from which the stress-annealing induced transverse anisotropy constant, K, were determined. We found that the magnitude of K and the σ -sensitivity of K, dK/dσ, decrease with increasing the amount of Cr. These results have been explained by the Herzer's back-stress theory by considering the reduced magnetostriction with increasing the amount of Cr. Additionally, an abnormal disappearing K for large-stress-annealed samples of x = 0 was observed and it was discussed by a few of possible mechanisms.
Introduction
After suitable annealing, amorphous alloy with composition of FeCuNbSiB (Finemet) exhibits excellent soft magnetic properties owing to the nanocrystallization. When the amorphous alloy was annealed under application of mechanical stress, a transverse anisotropy of the order of 10 3 J/m 3 had been found in the nanocrystalline alloy [1] [2] [3] . During the annealing process, with an axially applied tensile stress, the nanocrystalline bcc Fe-Si grains (magnetostriction λ s < 0) take the form of ellipsoid with the short axis parallel to the axis of samples due to the magneto-elastic interaction in the interface of two-phases. Since the load is still applied in the process of cooling, this microstructure can be reserved in the stress-annealed samples. This induced anisotropy had been observed in minor substitution of Fe for Cr (1-5 at.% Cr) Finemet alloys [4, 5] , and it was reported that the minor substitution of Fe for Cr can improves the thermal stability of the alloy [4] . In this work, the stress-annealing induced anisotropy of Cr-doped (up to 7 at.% Cr) Finemet nanocrystalline wires is studied, especially, an anomalous stress-dependent induced anisotropy is reported.
Experiments
Amorphous wires with nominal composition Fe 73.5-x Cr x Cu 1 Nb 3 Si 13.5 B 9 (x = 0, 3 and 7) with diameter about 2r 0 = 0.14 mm, were produced by in-rotating-water quenching technique. A few of pieces of samples (15 cm in length) were cut from the wires for heat treatment. The samples were annealed by dc current from 400 to 800 mA step by 50 mA for 15 s in air. Longitudinal hysteresis M(H) loop was measured by a system composed of a flux-meter and a solenoid under the control of a computer. One can determine the proper annealing current for nanocrystallization from the characteristics of M(H) loops. The selective annealing currents for stress-annealing (σ = 0 -228 MPa) were 750, 550 and 600 mA for x = 0, 3 and 7, respectively.
Results and Discussion
The stress-annealing induced anisotropy, K, can be determined by measuring longitudinal hysteresis M(H) loop as shown in Figure 1 . The changes of K with the applied tensile stress during annealing, σ, for x = 0, 3 and 7 are plotted in Figure 2 . The magnitude of K is almost proportional to the value of σ as observed in other works [2, 6] . The feature of Figure2 can be easily concluded that the magnitude of K and the σ -sensitivity of K, dK/dσ, decrease with increasing the amount of Cr. According to the back-stress theory, the induced transverse magneto-elastic anisotropy for the two-phase system is [3] 
where y is the volume fraction nanogains and λ c , σ c , λ a , σ a , the magnetostriction and stress located in the region of nanocrystalline and amorphous phases, respectively. On one hand, the deferent creeping rate in the process of annealing of amorphous and nanocrystalline phases results in the nanograins under tension (σ c > 0) and the amorphous under compression (σ a < 0) even if after removing the load. On the other hand, the magnetostriction of FeSi-crystals and the residual amorphous phase is negative and positive, respectively. Consequently, after the thermal treatment of nanocrystallization, the two-phase system exhibits a transverse anisotropy (K > 0) and for an annealing temperature and time, K is approximately proportional to the applied stress. Supposing all annealed samples (x = 0, 3 and 7)
with the same nanocrystalline phase (y, λ c , σ c ), the magnitude of K depends on the residual amorphous alloy (λ a , σ a ). Therefore, the decreasing of K and dK/dσ with increasing the amount of Cr can be ascribed to the reduced magnetostriction [7] . Additionally, we found that the samples annealed by large stress (σ > 134 MPa) of x = 0 don't exhibit the typical stress-induced transverse anisotropy (seeing Figure3). This similar abnormal behavior had also been observed in Co-based nanocomposite alloy [8] . A few of possible reasons were proposed such as secondary phase formation or excessive crystallization leading to an inability to retain elastic strain on the grain. However, the most possibility for the loss of transverse anisotropy was ascribed to a martensitic transformation from bcc to fcc or to hcp [8] . Here, we present another possible explanation about the anomaly of K for large annealing stress. Since the elongation of crystals spacing along the direction of the annealing stress correlates linearly with applied stress [6] , the greater of the applied stress, the flatter of the grains. The nanograins may squeeze each other because of the large volume fraction (about 0.73) [9] . Therefore, the effect of annealing stress must be inhibited by the compressive stress among grains due to the squeezing. So it's an interesting work to explore the real mechanism of the abnormal behavior of K with σ in Finemet.
Conclusion
In conclude, the stress-annealing induced anisotropy of Cr-doped Finemet nanocrystalline wires is studied. The decreasing of the magnitude of stress-annealing induced transverse anisotropy, K, and the σ -sensitivity of K, dK/dσ, with increasing the amount of Cr is attributed to the reduced magnetostriction. In addition, a disappearing K was observed in large-stress-annealed samples of Finemet, and it needs much more work to explore the real mechanism of this observation.
